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6 other years when the rainfall was less than that which 
has fallen so far this season. The record of these dry 
seasons is most instructive as it, gives us t'he only indica- 
tion of what may be expected in the way of rain for tlie 
next few mont,lis. The esmiinat'ion of average rondi- 
dit,ions .is rarely sat,isfnct,ory for t8he reason bliat t,he 
normal seldom if ever occurs. It is t'lie exception t,hat 
generally hap lens; and wit'h this fact, in view t,he fol- 
lowing t,able h as been compiIed from t81ie long rainfall 
record a t  this station. Only those seasons which resemble 
t8he present one have been considered. 

Ruinjall at Sun Diego, Cnl.-N,umber ojseasons i n  63 yeuru where less thnn 
halj the normal waa received u p  to Jan. 51. 
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less precipit'at,ion than any of 'the previous 27 y&s, niid 
not,hing has R q)roachetl it in the 3.5 years t'lint liii~-e 
elapsecl. ~ 1 i e  Iiistory of tliat, season s11ow t,lmt8 t'lw lnst, 
rain occurred on A1arc.h 9. lS76, niitl until Jaauary 13 
of the following year a tot.n.1 of only 0.65 of n,n inch w a s  
recorded. There appears to liare been no clamage t,o 
t'he orchards or inc,onvenience to other lociil inkrests, 
as the wat8er storage WR.S ample for all needs at that time. 
Aft,er this 10 niont,lis' drought8 nearly 33 inches of rain fell. 

It will be observed t8hat February 1 marks t,he niicldle 
of the rainy season in San Diego. During a normn.1 year 
5 inches of rain falls aft'er t'his date. I n  a dry year, like 
the present, t,he records show t8hat near1 4 inches of rain 

Normal rainfall by months.-September, 0.06 inch; 
October, 0.46 inch; November, 0.83 inch; December, 
1.82 inches; January, 2 inches; February, 1.96 inches; 
March, 1.70 inches; April, 0.74 inch; May, 0.41 inch; 
June, 0.03 inch; July, none; August,, none; year, 10.01 
inches. 

During the dry seasons referred to above hlie February 
rainfall averages 1.93 inches, genernll falling in n few 

westerly winds. In  t,he cases where t,he March rainfall 
is considerable, like t'he years 1877 and 1904, t.he showers 
are more widely scatatered. I n  fact', the records of the ~ 

weather in San Diego during droughtmy periods indicat,e 
t,liat downpours are common in Februa and occur ' 
during norther1 st80rms, while March a n 7  April rains ~ 

the 'rains are largely of the "Sonora" t>ype, being over- j 
flows from the Arizona disturbances. Rains from such 
storms often follow dense fogs. The character of the 
weather during seasons of light rainfall is very distinct 
and const,itutes a class by  self, as shown by the 
sure, t,emperature, winds, humidit,y, et,c.. , which lave 
been examined for eac.11 of t)liese individual seitsons. 
The records of hhe last few dry seasons have been studied 
in connect'ion with the daily weatslier map and there is 
found to be a striking similarity in t,he dist8rihut,ion of 
the pressure areas. The past, seasons resemble the 
Dresent in that the widemread high areas are nersistent ' 

is liable to fall between t8his dat,e and t z e end of May. 

sharp showers accompanied by bris K - to high sout'li- 

frequent,ly resu 9 t from southerly storms. During May , 

YS- 

and great,ly outnumber the lows in their frequency, and 
t,he former ossess far more energy. While It is im os- 

which accompany this art,icle woulc indicate that there 
is litt,le likelihood of San Diego ex eriencing a severe 

t.o be s ieve t8hat t'his region will receive not less t an 3 or 
4 inches more of rain during t'liis season. 

\ sible to ma-e i! seasonal forecast,s, a erusal of the ta les 

drou lit, but that,, on tlie cont,raiy, t, E ere is eve 

F 
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STUDIES IN FROST PROTECTION-EFFECT OF MIXING 
THE AIR. 

By A .  G .  MCADIE. 

In  a bulletin 011 Frost Fighting (Bulletin No. 29) issued 
by the Weather Bureau in 1900, three general principles 
were enumerated as effective in preventing frost. These 
were: 1,  a(1ding heat; 3, saving heat; 3, mixing or stir- 
ring the air. - 

Bv the tlirect addition of lieat throueh such devices as 
codbaskets, fuel pots, and other orcliaic1 heaters of pari- 
oils types, much successful work has been don.e.in raising 
the temperature in fruit orchards during critical times 
and thus prevent,ing injury and subsequent loss. 

FIQ. 1.-Temperature fluctuatlons at Kentfleld. Csl., during period 
Dec. 11-14,1911. 

favorable for frost, 

Along the second line, that of saving he at, some work 
has been done iu designing suitable covers. Much, how- 
ever, cemains to be clone, and the problem of conserving 
the heat of the earth, plants, and the lower air is yet in an 
experimental stage. In  many respects this is the cleanest 
ant1 most elticieiit method of protecting. 

Along the third line, that of mixing or stirring the air, 
suggestions have been made from time to time that wind- 
inills or electric fans could be arranged to insure circula- 
tion and prevent the formatioti of stagnant pools of air. 
In  Farmeis' Bulletin No. 104, issued November 27, 1911, 
the writer states on page 27 that so far as known no 
special devices suitable for commercial use in frost pro- 
tection hac1 been developed, making use of tlus prmciple 
of thorough ventilation: 

When nature mixes the air, i. e.,  on windy nights, frost does not 
occur. It is now known to meteorologista that layers of air of diflerent 
temperatures may lie close to each other without mixing. On frosty 
nights there is often a difference of 6, 8, or loo in temperature between 
the ground and the air 10 feet above, the warmer layera being upper- 
most. Where air is well mixed and there is good circulation, we sel- 
dom find frost.. 

An interesting illustration of the effect of stirring the 
air and the consequent prevention of low night and early 
morning temperatures is given by the accompanying 
thermograph record made at  Iientfield, Cal., December 11 
to 14, 1911. This is the base station for Mount Tamal- 
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Noon ................................................... 
1 p. 111.. .................................................. 
2 p.m ..................................................... 
3 p. 111.. ................................................. 
4 p. 111.. ................................................. 
5 p . m  ..................................................... 
t i  p. m.. ................................................. 
i p. IU.. ................................................. 
Rp . I l l  ..................................................... 
9 p. 111.. .................................................. 

11p.111 .................................................... 
111 p. in .................................................... 

Midnight ................................................. 
l n . m  ..................................................... 
2 a. 111.. .................................................. 
3 a. Ul.. ................................................... 
4 n.111 ..................................................... 
5 8.1l1 ..................................................... 
6 a . m  .................................................. 
i a. m . .  .................................................. 
Slt.m ..................................................... 

10 8.m .................................................... 
l l n . m  .................................................... 

9 8. D1. ................................................... 

pais, and its elevation is 65 feet above sea level. The mean tempera- 
station is 3.530 feet below the summit of the mountain, ' ture for t%e period was approximately 65', whereas under 

auiet conditions a mean temnerature of about 5 2 O  would 

The i extendinv clown almost to sea level. 
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lkve resulted. The lowest tGmpernture at, the lower stn- 
tion wits .%", whereas uiirler quiet, coiitlitjioiis a minimum 
temperature of 39" miylit, have occurred. 

Mr. H. Lcgler, the oficinl in charge at  Mount Tanial- 
p i s ,  furnishes the following table of wind directions nncl 
velocities ; also tlie hourly temperatures : 

directly west. 
The weather maps of the period show well-marked frost 

conditions. There were four night,s on w1iic.h frost might 
have been anticipated, and, as a matter of fack, killing 
frosts were general in the Sacramento and Yan Joaqiiin 
Valleys and in nearly all the bay valleys during the iiiglit,s 
mentioned. 

Referrin to the Kentfield record, it will be seen that 
the night o s December 11 and early mornin-g of December 
12 were marked by the characteristic rapid fall in tem- 
perature, and heavy frost occurred in the morning. The 
rapid rise from 31' a t  6 a. m. to 6S0 by 10 a. m. of the 
12th indicates the extreme dryness and purity of the air 
and also the absence of any marked convectional current. 
At noon of the 12th a temperature of 7 2 O  hac1 been 
reached, while the temperature a t  the Weather Bureau 
station, 2,300 feet highe,r, was but 57'. S h o d  after 

to fall; but the gradient is not as steep as i t  should have 
been under such conditions. The record shows great 
variability, and the whole character of the curve is unlike 
that of the receding and following day. If a.n inchator 

that a large number of heat units had been saved during 
the night of the 12th and the early morning of tlie 13th 
through some agency. Conditions a t  the base station 
(Kentfield) are not sufficiently complete to indicate the 
cause of this variation in temperature : but taken in con- 
nection with the conditions prevailing in hlie free air 
nearly half a mile above the valley, it is plain t,liat the 
conserving of the heat was due to (t thorough mixing of 
the air. From the records which follow it will be see,n 
that a moderate gale prevailed a t  the higher level during 
the period of unusual fluctuations at  t,he lower level. 
There was a more or less thorough mixing of $lie air? 

noon of December 12 the temperat,ure at  Kentfielc 9 began 

card could f) lave been constructecr it woulcl have shown 

Der. 13, 1911. Wind. j \relocity 
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The ntnioqpheric pressure, reduced to seit level, at 5 
> ni., December 12, WRS :iO.23 inches and at  5 a. m., 
beceniber 13, 30.12 inrhes. Thc 1ii~it i1  temperature for 
24 hours froiii Deccmher 12, noon, to  December 13, 
noon, was 56'. The ntniospheric. condition was one of 
extreme clryiess; the neight of the water vapor, in grains 
per cubic foot, varied from 0.18 to 0.68. 


